The half-metallic properties of a new and promising full-Heusler compound, Zr 2 CoSn, are investigated by means of ab initio calculations within the Density Functional Theory framework. The ferromagnetic ordered Hg 2 CuTi-type crystal structure is energetically favorable and the optimized lattice parameter is 6.76Ȧ. The total magnetic moment calculated is 3 µ B /f.u. and follows a typical Slater-Pauling dependence. The half metallicity disappears if the unit cell volume is contracted by 5 %.
Introduction
Advances in microelectronics and magnetic data storage devices, nowadays, depend on novel approaches of device fabrication based on the synergistic use of charge and spin dynamics of electrons in multifunctional materials. Various new device concepts have already found practical applications in magnetoelectronics or spintronics (e.q. read heads for magnetic recorders or nonvolatile memory components). For efficient spintronic devices, it is desirable to have nearly 100% spin-polarized carrier injection. Since half metallic materials have electrons of only one spin state present, around Fermi level [1] , they are promising candidates for use as spin injectors. One of the most interesting class of compounds with half metallic characteristics are Heusler alloys [2] , reported in literature in only two variants: the full-Heusler X 2 Y Z com-pounds and half-Heusler XY Z compounds; X is a transition metal, Y a transition metal or a rare-metal and Z a main group element. The full-Heusler materials crystallize either in Cu 2 MnAl (L2 1 ) or in Hg 2 CuT i-type structures. If X atom is more electronegative than Y is obtained the Cu 2 MnAl phase with F m3m space group [3] . The often called inverse Heusler structure (Hg 2 CuT i-prototype) with F43m space group was reported when the Y element more electronegative than X. The X atoms in Hg 2 CuT i-type structure, are placed in the Wyckoff positions 4a(0,0,0) and 4c(1/4,1/4,1/4) while Y and Z in 4b(1/2,1/2,1/2) and 4d(3/4,3/4,3/4), respectively [4] . Even though no single set of properties can characterize the entire Heusler family, the magnetic behavior and multifunctional properties recently reported in literature, make these half-metallic systems to play an important role in the research field of magnetic tunnel junctions [5] and spintronics [6, 7] .
Nowadays, promising materials which crystallize in Hg 2 CuT i-prototype, e.g. Mn 2 , T i 2 , Sc 2 -based Heusler compounds are intensively studied theoretically and experimentally, for potential use in devices that can inject currents of high spin polarization [8, 9, 10, 11, 12, 13] . In this paper, the electronic structure and magnetic properties calculated from first-principles investigations of a new proposed Zr 2 CoSn full-Heusler compound, are reported. Investigations based on Density Functional Theory (DFT) predict that the ideal Zr 2 CoSn system exhibits half metallic behavior and might be suitable for use in spintronics.
Method of calculation
The structural parameters of Zr 2 CoSn bulk material were determined using the Full-Potential Linearized Augmented Plane Wave (FPLAPW) method, as implemented in WIEN2K code [14] . The Perdew Burke Ernzerhof [15] Generalized Gradient Approximation (GGA) was employed for the exchangecorrelation parametrization. The muffin-tin radii R M T of 2.45 a.u., 2.52 a.u. and 2.38 a.u. were used for Zr, Co and Sn, respectively. Inside the muffin-tin spheres, lattice harmonics of up to l = 10 were selected for the basis set. In the interstitial region, the plane wave cut-off value used was K max R M T = 8 (where K max is the maximum modulus for the reciprocal lattice vector). The tetrahedron method [16] with a grid containing 560 irreductible k points was selected in the irreducible part of the Brillouin zone (BZ) to construct the charge density in each self-consistency step. The cut off energy of -6 Ry defined the separation between the valence and core states. The charge con- vergence was checked versus the number of k points. The self-consistency was achieved when the total energy deviation was better than 0.01 mRy per cell and the integrated charge difference between two successive iterations less than 0.0001 e/a.u.
3 .
Results and Discussions
Ab initio calculations were performed for bulk Zr 2 CoSn full-Heusler material, to investigate the existence and nature of magnetic properties in intercorrelation with the electronic structure. In general, experimental preparation and interpretation of true half-metallic compounds are still scarce, therefore from the beginning, structural optimization calculations needs to be considered to estimate the magnetic and structural stable phase by means of the total energy minimization. The ferromagnetic configurations of Zr 2 CoSn in the two crystal structure prototypes (Cu 2 MnAl and Hg 2 CuT i), typical for the full-Heusler materials, and the antifferomagnetic and non-magnetic states of Zr 2 CoSn with L2 1 structure are the starting point of the calcula- tions, as shown in Figure 1 . Based on the results, the ferromagnetic configuration of Zr 2 CoSn, with Hg 2 CuT i structure is energetically favorable and has the lowest calculated total energy, therefore, the Zr 2 CoSn compound has to crystallize in the inverse Heusler structure with space group F-43m. Hence, the Wyckoff sequence considered for further calculations is 4a(Zr), 4c(Zr), 4b(Co) and 4d(Sn) and the calculated equilibrium lattice parameter was 6.76Ȧ as corresponding to the Zr 2 CoSn ferromagnetic phase with Hg 2 CuT i -type structure. In the GGA scheme used in these investigations, half metallic properties are illustrated by the occurrence of an energy band gap in one of the spin channels and the integer total magnetic moment of the of the energy gap and the position of Fermi level in minority spin band as function of lattice constant, are illustrated in Figure 5 . The compound is predicted to be an ideal candidate for spintronics, due to the existence of a gap in only one spin direction, for a large lattice parameter range. The half metallic properties disappears for a volume confinement of more than 5 % (e.g. corresponding to a lattice parameter of 6.67Ȧ). For further contraction, the Fermi Level falls within conduction band (CB), so that the compound becomes a typical ferromagnet and the spin polarization decreases. However, a such critical volume confinement is high, making the compound a very stable one with respect to the polarization properties. The calculated total magnetic moment of Zr 2 CoSn Heusler compound, with Hg 2 CuT i structure is 3 µ B and follows the Slater-Pauling dependence M t = Z t − 18 µ B /f.u.
[10] (M t is the total spin magnetic moments per formula unit cell and Z t , the total number of valence electrons). The main contribution to the total magnetic moment comes from Zr(4a) and Co atoms, which are ferromagnetic coupled (see Figure 6 ). The spin-polarization calculations reveal that the siteresolved magnetic moments per atom, at the optimized lattice constant are 0.446, 0.946, 0.816 and -0.013 µ B for Zr(4c), Zr(4a), Co and Sn, respectively. The magnetic moments of Zr (4a and 4c) atoms decrease, while the one of Co atoms increases, with increasing lattice constant.The different atomic environments determines the dissimilar local magnetic moments of zirconium atoms.
Conclusions
First principles investigations of electronic and magnetic properties of Zr 2 CoSn full-Heusler alloy have been reported. The half-metallic behaviour in relation to the densities of states in the bulk material is reproduced for ground state. In the minority spin channel, the energy gap is 0.543 eV at the optimized lattice constant of 6.76Ȧ. From applications point of view, the investigated material, Zr 2 CoSn, is predicted to be suitable for spintronic devices due to high spin polarization. 
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